II. The Configuration of the antenna
The antenna model geometry is presented in Fig.1 . The proposed antenna contains a rectangular radiating element, a ground plane, a substrate and a superstrate. The presented prototype is printed on the Rogers RO 3210 with the specific properties ( 2 . 10  r  , and thickness=0.635 mm). To ensure the biocompatibility and to prevent the contact between the antenna and the biological layer, a superstrate layer with the same material of the substrate is used. Rectangular shaped slots are cut on the patch in order to lengthen the current path on the patch surface and consequently miniaturize the antenna. To further miniaturize the dimensions of the antenna, a shorting pin is inserted between the top radiator and the ground plane. The proposed PIFA antenna was simulated using Ansoft High-Frequency Structure Simulator (HFSS) which is a commercial finite element method solver for electromagnetic structures. The antenna parameters are presented in Table 1 . 
III. Simulation setup
Designing an antenna inside the human body is really a difficult task. For a practical antenna design, many factors have to be taken into account like the biological layers properties and their shapes.
The thorax model, including the muscle, the skin, and the fat layers is used to study the interaction between the electromagnetic field and the body tissues. Each of these tissues has its own characteristics in terms of permittivity and conductivity as shown in Table2. The structure has been first optimized to work in the muscle layer. The location of the antenna was then varied to detect the influence of the other layers on its functioning as shown in Fig.2 
IV. Results and discussion
This section will be focused to determine the characteristics of the simulated antenna in terms of coefficient reflection (S11), Bandwidth, Z parameter as well as the radiation pattern when it is implanted within different biological layers.
A. Reflection coefficient
The reflection coefficient is a fundamental parameter which is equal to the ratio of the reflected wave amplitude to the incident wave. Fig.3 shows the variation of the simulated reflection coefficient of the antenna as a function of frequency. As appeared in the figure, the resonance frequency is not fixed. The antenna has a frequency of 403 MHz when it is positioned within the muscle layer and its return loss is equal to -40.52 dB. Then a frequency shift towards higher bands is noticed when the antenna was placed in the skin layer. The obtained frequency is 421 MHz with a reflection coefficient equal to -17.96 dB. Finally, a frequency of 505 MHz is achieved with a reflection coefficient of -1 dB when the antenna was positioned within the fat layer. The obtained results from inside the thorax change significantly according to the antenna positions. The resonant frequency of the antenna depends on the permittivity of the biological layer. The fat layer with the smallest value in terms of permittivity compared to the skin and muscle layers presents the highest frequency shift towards higher frequencies. 
B. Bandwidth
The term bandwidth specifies the range of frequencies that an antenna can reach in order to obtain a desirable behavior with certain characteristics. The bandwidth can be considered as the frequency range on either side of a central frequency.
Today, the miniaturization of medical electronic devices requires the use of miniaturized antennas. As a result, they are expected to have a narrow bandwidth. Unlike antennas in the free space, implantable antennas can have wide bandwidths due to the losses introduced by the surrounding tissues. In this section, we try to study the influence of the different layers on the antenna's associated bandwidth which is calculated at -10 dB. Fig. 4 shows the obtained bandwidth of the antenna within the different layers. As appeared in the figure, when the antenna was placed within the skin layer its bandwidth has a value of 24 MHz compared to a value of 22 MHz in the muscle layer. This can be explained by the increase of losses within the skin. The calculated bandwidth within the fat layer cannot be mentioned because the antenna reflection coefficient is only -1dB. 
C. Z parameter
The impedance (Z parameter) is the ratio between the voltage and the current at the input of an antenna. The usefulness of this concept is important to ensure the best energy transfers between the antennas and the devices connected to them. The impedance of an antenna can be given by the following equation:
Where R and X are the resistance and the reactance of the antenna respectively. Fig. 5 and Fig.6 show the variation of the antenna resistance and reactance, respectively, according to the specific layer. The impedance value is around the ideal value (50+j0) Ohm when the antenna was placed within the muscle layer. However, the antenna impedance is dramatically affected by the fat layer. Table 3 . 
D. Radiation pattern
The radiation pattern is a graphical representation. It describes the spatial distribution of the power radiated by the antenna. DOI: 10.9790/1676-1203040914 www.iosrjournals.org 13 | Page , the antenna has an omnidirectional radiation pattern when it is placed within the muscle layer. However, it has a directional radiation pattern when it is placed within the skin and the fat layer 
V. Conclusion
In this paper, we have presented a PIFA antenna design. The proposed structure was positioned within different layers including the skin, the fat and the muscle layers. When placed within the muscle layer, the antenna resonated at 403 MHz. However, the positioning of the structure within the fat and the skin layers produced a frequency shift towards higher bands due to the low permittivity of these layers compared to the muscle. The bandwidth, the Z parameters as well as the radiation pattern depend on the surrounding medium. All these results confirm that the use of an implantable antenna for a specific application depends on the implantation medium.
